Summary. A quantitative morphologic study of photoreceptor cells in pineal organ of the goldfish was conducted over a period of one year in which the photoperiodtemperature regime simulated the natural environment. Statistically significant seasonal differences were found in cell size, nuclei, nucleoli, mitochondria, endoplasmic reticulum, and Golgi bodies. Peak values generally occurred during the fall and winter months, while minimum values coincided with the reproductive spring and summer seasons. Histological examination of the gonads indicated that the fish followed the normal sexual cycle. These data suggest that the pineal organ is functionally related to photoperiod, temperature, and gonadal maturation in this species.
Introduction.
The pineal organ of ectothermic vertebrates is a photoreceptive structure which is hypothesized to play a role in mediating the effects of environmental lighting on the behavior and physiology of these animals. In this regard, recent investigations have provided evidence for a functional relationship between this organ, photoperiod and seasonal reproductive strategies in such diverse species as a lamprey (Joss, 1973) , teleost fishes (de Vlaming, 1975 ; de Vlaming and Vodicnik, 1978 ;  Urasaki, 1972 Urasaki, , 1973 Vodicnik et al., 1979) , amphibians (Rastosi et al., 1976) , and reptiles (Levey, 1973) . Additional literature on the pineal organ and reproduction in lower vertebrates has been reviewed elsewhere (de Vlaming and Oicese, 1981 ; Vivien-Roels, 19811. Morphologic studies of the pineal complex of these species, particularly fishes, have generally given little attention to seasonal effects due to variations in photoperiod and the reproductive state of the animal. The importance of these factors is emphasized by reports demonstrating that structural characteristics of mammalian pinealocytes vary with the season and the reproductive cycle (Frink et al., 1978 ; Legait et al., 1975 ; Lincoln, 1976 ; Quay, 1976 ; Quay and Millar, 1973) . Therefore, the present study was initiated to compare the morphology of the pineal organ of the goldfish, Carassius auratus, in animals exposed to varying photoperiodtemperature conditions aver a period of one year. This species generally follows the natural sexual cycle when exposed to artificial lighting which simulates normal light : dark cycles throughout the year a). Earlier anatomical studies have suggested that the pineal organ of the goldfish is highly photosensitive (McNulty, 1981 ; Takahashi, 1969 ; Wake, 1973 A functional relationship between the pineal organ, photoperiod, and gonadal maturation has been suggested for several fish species. The gonosomatic index in goldfish was found to be most responsive to altered daylength during those months preceding the reproductive period . Pinealectomy in this species reversed regression of gonadal activity caused by short daylength (Urasaki, 1972 (Urasaki, , 1973 and the golden shiner (de Vlaming, 1975) .
The present findings that nuclei and nucleoli of photoreceptor cells peaked in size between October and March, when the gonads are most responsive to pinealectomy, imply that the level of activity of these cells in heightened during these seasons of short photoperiod. This suggestion is supported by the observation that photoreceptor-cell nuclei and nucleoli in the pineal organ of the trout were significantly larger in fishes subjected to constant darkness than in fishes raised under alternating light : dark cycles of various wavelengths or continual light (Hafeez et al., 1978) .
Modifications in the size of nuclei and nucleoli have been used as indicators of cellular metabolic activity (Busch and Smetana, 1970 ; Rather, 1958) . Several investigations on mammalien pinealocytes have correlated size changes in these cellular components with daily patterns in protein synthesis and RNA content in the pineal gland of the rat (Nir et al., 1971 ; Quay and Renzoni, 1966) , and with seasonal reproductive cycles of the rock hydrax (Quay and Millar, 1973) , the dormouse (Legait et al., 1975) , the hare (Lincoln, 1976) , two species of bats (Quay, 1976) , and the 13-lined ground squirrel (Pevet and Smith, 1975) , the woodchuck (Frink et al., 1978) , and a ground squirrel preceding or during the reproductive period.
The observed morphological responses of photoreceptor cells may be related to cellular activities associated with photoreception (e.g., the production of neurotransmitter and photopigments) and with neuroendocrine functions attributed to the pineal organ of fishes. Histochemical, immunocytochemical, and biochemical studies have demonstrated that pineal cells in these species contain the indoles, 5-hydroxytryptophan, 5-hydroxytryptamine (serotonin) and melatonin (Falcon et al., 1980 (Falcon et al., , 1981 Fenwick, 1970 b ; Hafeez and Zerihun, 1976 ; Meissl et al., 1978 ; Owman and Rudeberg, 1970 ; Vivien-Roels et al., 19811 Quay, 1970 ; Weber, 1974, 1976) . Levels of these compounds and protein content fluctuate over daily light : dark cycles (Birks and Ewing, 1981 b ; Falcon et al., 1980 ; Meissl et al., 1978 ; Weber, 1974, 1976 (Fenwick, 1970 b) , and the killifish (de Vlaming et al., 1974) ; the effects generally depending upon the time of year and photoperiod. On the basis of these observations, it would be important to determine the effects of various photoperiod-temperature regimes on circadian rhythms of indoles and their related enzymes.
